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POLYMER COATINGS 



This Invention relates to the field of polymer coatings. More 
specifically. It Is concerned with coating polymers on to 
substrates, and embraces methods of coating substrates with 
polymers, substrates which have been coated by means of the 
5 Invention, and such coated substrates In the form of contact lenses 
for the human (or Indeed mammalian) eye. Furthermore, to the 
extent that classes of coating polymer disclosed herein are novel, 
they and the methods of making them are also within the. scope of 
the Invention. 

10 

In principle, contact lenses can be made from a wide variety of 
materials, provided that they meet the necessary requirements for 
optical clarity, formablllty and shape stability, non-Irritation to 
the eye, and so on. In practice, contact lenses tend to be made 

15 from certain presently preferred materials. Including polymers of 
hydroxyethylmethacrylate (HEHA) and N-vlnyl pyrrol idone. While 
these polymerised monomers may make up the bulk of the lens 
material, say 98Z, small amounts of cross-linking agents, such as 
21 of ethyl dimethacrylate and 2Z of methacryllc acid, may be 

20 copolymerlsed. The lens structure Includes voids which are 

occupied with water, which may make up from typically 38Z. up to 60 
or 70Z, of the total lens weight. 

Hydrophlllc contact lenses display an affinity for tear calcium and 
25 proteins, especially lysozyme, amino acids and glycoproteins, and 
these readily adhere to the lens surface. It Is generally known 
and accepted that such deposits on contact lenses may cause a 
decrease In wearing comfort leading to a corresponding decrease In 
wearing time. Deposits may cause patient's eyes to become Infected 
30 and It Is not uncommon for a subsequent decrease In visual acuity 
to occur. 
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Several contact lens care systems have been devised and used for 
cleaning and disinfecting lenses. Contact lenses vlth deposits 
resulting from tear ingredients are usually cleaned with a 
surfactant cleaner on a dally basis. Soft contact lenses are 
5 cleaned additionally with an enzymatic cleaner to remove protein 
deposits thoroughly. However, even when contact lenses are 
repeatedly put on and taken off over a period of several raonthst 
tear components are sometimes absorbed/adsorbed on the contact lens 
surface despite use of cleaners. 

10 

Soft and hard contact lenses carrying an anionic charge can be 
conplexed with polymers bearing a catlonic charge to form a 
polyelectrolyte complex which reduces the tendency for tear 
proteins to adhere to a lens surface. However, the Interaction 

15 between the catlonic polymer and the anionic surface of the lens is 
generally weak, and dissipation of the catlonic polymer occurs 
rapidly 1n most prior art constructions. As a result, tear 
proteins are deposited on the lens, and the wearer begins to feel 
discomfort and must clean the contact lens before rewetting the 

20 lens surface with the catlonic polymer to form another protective 
polyelectrolyte complex. 

It Is an object of this Invention to provide the lens surfaces of 
soft and hard contact lenses, and other substrates, with polymer 
25 coatings which are chemically bonded thereto. 

In one aspect the Invention provides a method of coating a 
polymeric substrate having functional groups In the substrate 
polymer chain at surface portions thereof which comprises reacting 
30 said functional groups with complementary functional groups on a 
hydrophlllc coating polymer in a predominantly aqueous medium to 
form covalent linkages between the coating polymer and the 
substrate polymer. The conditions should be such as to avoid 
degradation of either polymer, 

35 

The coating polymer may be in solution or dispersion In the aqueous 
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reaction median. The substrate polymer nay advantageously be a 
hydrogel, that Is to say a gel In which the liquid Is water. The 
coating formed on the substrate polymer Is also preferably a 
hydrogel. The coating Is desirably continuous. 

4 

In a specific embodiment, the invention provides a method of 
rendering a contact lens that has functional groups (most suitably 
hydroxyl, carboxyl, amide, amino and sulphonate groups) more 
compatible with the eye by covalently bonding a polymer to the 
surface of the lens, which enhances the hydrophillc character of 
the lens for a longer time relative to an untreated surface, and 
which reduces the tendency for tear proteins to adhere to the lens 
surface. The preferred coating polymers are those that form a 
covalently bound hydrogel at the lens surface, which absorbs water, 
has good water retention and is compatible with the physiological 
structure of the eye. Desirably, a durable protective coating 1$ 
formed which provides long lasting comfort to the eye. The most 
suitable coatings are hydrophillc and are more resistant to protein 
deposition than the substrate polymer. Desirable coatings also 
reduce the deposition of lipids and of Ions, such as calcium ions. 

The invention also extends, in another aspect, to a substrate 
polymer coated by the foregoing method, and in particular to a 
contact lens so coated. 

The invention accordingly provides a contact lens, which may 
comprise a soft or hard contact lens polymer, synthetic or natural, 
forming the corrective optical element of the lens, having a 
coating suitable for use in the human eye, wherein the coating 
comprises a polymer that is covalently bonded to the surface of the 
lens polymer, thus forming a thin protective layer or coating 
covalently linked to the lens surface. 

In a preferred embodiment a soft or hard contact lens comprises a 
polymer containing functional groups such as hydroxyl, carboxyl, 
amide, amino or sulphonic add. on to which the polymer coating can 
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be chemically bonded. The functional groups may carry an Ionic 
charge or may have the potential of carrying an Ionic charge, for 
example Ions formally derivable by the gain or loss of a proton or 
electron., or equivalent. Accordingly, references to carboxyl 
-groups and to sulphonic acid groups Include carboxylate and 
sulphonate anions, for example. 



Examples of suitable substrate materials Include the following 
polymers irlth surface functional groups. 

TO 

Soft hydrophlllc contact lens polymer substrates may be crossl Inked 
hydroxyethylmethacrylate (HEMA), crossl Inked HEHA and methacryllc 
acid, and crossllnked HEMA and M-vlnylpyrrolldone. 

15 Contact lenses made from natural polymers Include cellulose acetate 
butyrate polymers (retaining free hydroxyl groups). 

Contact lenses made from synthetic polymers Include polyvinyl 
alcohol (retaining free hydroxyl groups). 

20 

Exanq>les of oxygen permeable hard contact lens polymer substrates 
Include polyfluoroacrylate, polyslloxanyl acrylate and methacfylate 
polymers, which carry an Ionic charge, or retain free hydroxyl 
groups. 

23 

The Invention does however extend to the coating of many other 
polymer substrates with suitable surface functional groups. 
Including those used as contact lens materials, as are well known 
In the art. 

30 

Surprisingly a range of water soluble hydrophlllc polymers when 
covalently bonded to the surface of soft or hard contact lenses 
provide a hydrophlllc surface which reduces the tendency for tear 
proteins to adhere to a lens surface. These water soluble 
25 hydrophlllc polymers can be non-Ionic and catlonic synthetic or 
natural polymers. 
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Preferred types of covalent bonding between the respective 
functional groups on the substrate polymer and the coating polymer 
Include, but are not limited to, carbonate bonding with hydroxyl 
functional groups on the substrate, ester bonding with carboxyl 
5 groups, urethane bonding with amino groups, sulphonic ester bonding 
with sulphonic acid groups, ether or ester linkages with epoxide 
groups, urea with hydroxyl groups to form carbamate ester and urea 
with lens surface carboxyl groups to form acyl carbamate, and amide 
bonding between an amine and lens carboxyl groups. The reactions 
10 between the respective functional groups have as a conmon feature 
that they all take place In aqueous media under relatively mild 
conditions to bind the coating polymer to the substrate surface 
without degrading either polymer. 

^5 Other examples of covalent bonding between functional groups on the 
respective polymers. In accordance with the Invention, Include 
anlde, urea, allophanate, biuret, acyl urea and carbodllmlde 
linkages. 

20 Hydrophlllc synthetic non-Ionic polymers useful as the covalently 
bound coating polymer Include homopolymers, copolymers and graft 
copolymers of polyvinyl alcohol (PVA), homopolymers of polyethylene 
oxide (PEO) and polypropylene oxide (PPO), copolymers of poly- 
ethylene oxide and polypropylene oxide, and graft copolymers of 

25 siloxanes and polyethylene oxide or polypropylene oxide. Hydro- 
phlllc natural polymers useful as the covalently bound coating 
polymer Include homopolymers, copolymers and graft copolymers of 
cellulose and Its derivatives, chltin and chltosan. The following 
examples of different kinds of polymer are suitable as the coating 

'° agent to be covalently bound to the substrate. 

Polyvinyl alcohol (PVA) can be covalently bonded to the surface of 
soft and oxygen permeable hard contact lens to provide a permanent 
hydrophlllc coating which reduces the tendency for tear proteins to 
^5 adhere to the lens surface. 
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PVA can be covalently bonded to the surface of a contact lens using 
conventional water soluble coupling agents or by linking epoxide 
functionalities on PVA by which It can then be linked to the lens 
surface. 

5 

PVA can be grafted with polyethylene oxide (PEO) or polypropylene 
oxide (PPO) or a mixture of the two. The graft copolymers can then 
be covalently bonded to the lens surface using conventional 
chemistry. In the practice of the Invention! PEO and PPO may have 
]Q the structures shown In Formulae (1) and (2) below : 

(1) X-(CH2-CH2-0)nCH2-CH2~Y (PEO) 

(2) X-(CH2-p-0)nCH2-CH-Y (PPO) 

15 

where both X and Y can be -OH, -0-CH2-CH(NH2)-CH3, -0-C0-(CH2)n-N»^ 
(where n 1s from 0 to 6, 1e Including *0-CO-NH2)f -COOH« epoxide* 
H2C«CH-a)-0- (acrylate), H2O=C(CH3)-C0-0- (methacrylate), -OCH3, 
-0C2Hg, propoxy* butoxy and allyloxy. Compounds In which at least 
20 one of X and Y Is -0-C0-(CH2)n-NH2 are novel. 

It Is to to be understood that having regard to the Inherent 
asymmetry of PPO (2), the respective terminal X and Y groups can be 
Interchanged In Formula (2). 

25 

Molecular weights of (1) and (2) can vary from less than 100 up to 
20,000. 

Suitable graft copolymers of PVA and PEO, and of PVA and PPO, can 
30 also be achieved by reacting PVA with ethylene oxide and propylene 
oxide respectively, or with a mixture of ethylene oxide and 
propylene oxide to obtain PVA graft copolymer containing both PEO 
and PPO. Alternatively Instead of ethylene oxide and propylene 
oxide, ethylene carbonate and propylene carbonate can be used to 
35 achieve the same result. The above graft copolymers can then be 
covalently bonded to the lens surface using conventional chemistry. 
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Polydlraethylslloxanes can be grafted with (1) or (2) or both 
through a hydrosllatlon reaction to fom a coating polymer. In (1) 
and (2), X may be aery late or methacrylate and Y can be OH, 
epoxide, -O-CHg-CHCNHgHMj, or -O-C0-(CH2)n-NH2 (where n Is from 0 
5 to 6). 

In addition to (1) and (2) being grafted on to polydlmethyl- 
slloxanes, glycldyl acrylates (GA), glycldyl methacylates (GM), 
epoxypropyl acrylate (EPA) and epoxypropyl methacrylate (EPH) may 
• 0 also be grafted, to form a range of novel coating polymers. 

The novel polydlmethylslloxane graft copolymers have the following 
general formula: 

15 (CH3)3SlO-p(CH3)2SlO)^--(CH3SlO)yl^^ 

LPE0/PP0/GA/6M/EPA/EPhJ n 

The coefficients x, y and n can vary to give molecular weights In a 
broad range of 3000 to 100,000. 



20 



25 



30 



The above water soluble hydrophlllc polymers may be covalently 
bonded to the lens surface using conventional chemistry. 

Ethylene oxide and propylene oxide can react with cellulose to 
produce graft copolymers of PEO-cellulose and PPO-cellulose, or a 
mixture of ethylene oxide and propylene oxide may be used to give 
PEO/PPO-cellulose graft copolymer. The same result can also be 
achieved by using ethylene carbonate and propylene carbonate. 
Analocous results are achieved with hydroxyethyl cellulose In place 
of cf lose 

Alternatively, (1) and (2) can be grafted on to hydroxyethyl- 
cellulose and then covalently bonded to the surface of the contact 
lens. 



35 



r 
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Hydroxyethyl cellulose can also have epoxide functionalities 
through which 1t can be covalently bonded using conventional water 
soluble coupling agents. 

5 Chltin and chltosan can also be grafted with PEO and PPO using 
ethylene oxide and propylene oxide or a mixture of both to form a 
further range of novel coating polymers. The graft copolymers may 
then be covalently bonded to the lens surface. 

10 Soft and oxygen permeable hard contact lenses can also be made more 
resistant to tear protein deposition by directly polymerising 
ethylene oxide or propylene oxide or a mixture of the two on to the 
contact lens. Alternatively, PEO and/or PPO may be grafted 
directly on to the lens surface. The same results can be achieved 

15 by using ethylene carbonate and/or propylene carbonate Instead of 
ethylene and propylene oxides. 

Hoffiopolymers of (1) and (2) can also be used to covalently bond to 
the contact lens surface to provide a hydrophlllc coating which 
20 reduces the tendency of tear proteins to deposit on to the lens 
surface. 

For such homopolymers of (1) and (2), X can be either acrylate or 
raethacrylate and Y can be OH, COOH, epoxide, OCH3, OC2H5, propoxyi 
25 butoxy, allyloxy, -0-CH2"™(''"2^'^3' -0-CO-(CH2)n-NH2 (where n 
is from 0 to 6). 

In (1) and (2), the presence of the vinyl double bond when X Is 
acrylate or raethacrylate enables the molecule to be horaopolymerlsed 

30 to produce polymers with pendant OH, COOH, epoxide, OCH3, OC2H5, 
propoxy, butoxy, allyloxy, -0-CH2-CH(NH2)-CH3, or -0-C0-(CH2)n-NH2. 
or a mixture of pendant groups. For example. If (1) in which X Is 
acrylate and Y is OH is polymerised then all pendant groups will be 
OH. However, if it is polymerised with another molecule, where X 

35 Is the same but Y is an epoxide or any of the other pendant groups, 
then a mixture of two pendant groups is achieved. The mixture need 
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not be Halted to a fixture of two pendant groups, but can be oore 
than two. 

Similarly (1) and (2) can be copolyraerlsed when X is either 
5 methacrylate or acrylate and Y for both (1) and (2) can be the same 
or different groups. 

Both (1) and (2) can also be copolymerised with a variety of 
unsaturated monomers when X for (1) and (2) is either raethacrylate 
10 or acrylate and Y can be any of OH. COOH, epoxide, OCH3, OCgMs. 
propoxy, butoxy, allyloxy, -0-CH2-CH(NH2KH3, and 
-0-ClHCH2)„-NH2. Suitable unsaturated monooers for co- 
polymerisation include vinylane carbonate, hydroxyethylmethacry- 
late, hydroxypropylmethacrylate, hydroxyethyl acrylate, 
15 hydroxypropyl acryl ate, n-vlnyl pyrrol idone, aciyl amide, 

hydroxybutylacrylate, hydroxybutylmethacrylate, butylacryl amide, 
dihydroxypropylacrylate, dihydroxypropylmethacrylate, epoxypropyl- 
acrylate, epoxypropylmethaciylate, glycidyl acrylate, glycidyl 
methacrylate, and hydroxypropylmethacrylamide. 

Synthetic cationic polymers which can be covalently bonded to the 
lens surface include cationic PVA. and copolymers of polyethylene 
oxide and polypropylene oxide. In such copolymers, with reference 
to Fomulae (1) and (2), X may be acrylate or methacrylate and Y 
can be OH, epoxide. -0-<M2-CH(MH2>-CH3» -0-C0-(CH2)„-MH2 (where 
n is from 0 to 6). (1> and' (2) can then be copolymerised with : 

(a) (1) or (2) where X is acrylate or methacrylate Y can be 
0CH2N(CH2)2. 0CH2H+(CH3)3.Cr, 0CH2N+(C2H5)3.Cr, 
0CH2CH2H(CH2)2, 0CH2CH2N+(CH3)3.Cr, OCH2CH2ri+(C2"5)3-CT". 
0CH2CH2CH2N(CH2)2. 0CH2CH2CH2N+(CH3)3.Cr. 0CH2CH2CH2N+(C2H5)3.Cr, 
0CH(OH)CH2CH2W*(CH3)3.Cr or 0CH2CH(0H)CH2»r^(CH3)3.Cr 

(b) other cationic polymerlsable monomers which Include : 
dimethylamlnoethyl acrylate and methacrylate, 2-methacryloyl- 
oxyethyltrimethylaninonium chloride, 3-inethacrylara1dopropyl 



20 



25 



30 



35 
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d1ai6thy1ain1ne» 3-aethacry1ani1dopropy1 trlmethylamnonlum ch1or1de« 
l-v1nyl and 2-methy1 l-vlnyl Imidazole, 3-acrylan1do-3-methylbutyl- 
d1methylaffl1ne« 3-acryl ami do-3-niethyl butyl tr1 methyl ammonium 
chloride* N-(3-fflethacryloyloxy-2-hydroxypropyl) trimethylanmoniura 
5 chloride, diallyldlmethylammoniuro chloride and methyl sulphate* 
vlnylbenzyltrimethylanmonlum chloride. 

In addition to the grafting species for polydimethylsiloxanes given 
earlier for the covalent linkage of non-ionic graft copolymers of 
10 polydimethylsiloxanes to the substrate polymer* all grafting 
monomers given in (a) and (b) above may also be used to provide 
cationic graft copolymers of polydimethylsiloxanes. 

Catlonic natural polymers which may be covalently bonded to a 
15 substrate such as a lens surface include cationic cellulose and 
chitosan. 

The invention is further illustrated in the following examples. 

20 

Example 1 

Coating a substrate with PVA-PEO graft copolymer - Formula (1)* X 
and Y both OH. Molecular weight ca. 600. 

25 

14g PEO was dissolved in anhydrous acetone. 3.3g carbonyl 
dilmidazole (GDI) was also dissolved in anhydrous acetone and 
placed in a dry dropping funnel. The GDI was added dropwise to the 
PEO over a period of one hour. The solution was left to stir for a 
30 further one hour after which the acetone was evaporated off under 
reduced pressure. 

3g PVA (25*000 M.Ut) was dissolved in 40mM potassium bicarbonate 
buffer (pH 8.5) with boiling. When the solution had cooled* 
35 GDI-activated PEO was added and the mixture was magnetically 
stirred for twenty-four hours. The solution was next dialysed for 



?0 



wo 93/00391 PCr/GB92/00901 



-11- 

twenty-four hours, then the resultant PVA-PEO graft copolymer was 
freeze dried. 

The copolymer was dissolved In anhydrous dimethyl sulphoxide (DMSO). 
CDI (3.3g) was dissolved In DMSO and added dropwise over a period ' 
of one hour. The solution was further stirred for one hour before 
the DMSO was distilled off under reduced pressure. 

Three high water content contact lenses of polyhydroxyethyl- 
Bethacrylate (polyHEMA) containing methaciyllc acid were washed In 
water and each of them placed In 5m1 of potassium bicarbonate 
buffer (40nH, pH 8.5). To each of the lenses ISOmg of CDI- 
actlvated PVA-fEO graft copolymer was added and left for twenty- 
four hours. PVA^EO graft copolymer was linked to the surface via 
carbonate bonds to surface OH groups and via ester bonds to surface 
COOH groups. The contect lenses were removed, washed in water and 
placed In phosphate buffered saline (PBS) (lOnW. pH 7.4), 

Protein absorption studies 

Analysis of protein film deposits on the lenses after human wear 
Indicate that the film consiste primarily of denatured lysozyme. 
Since lysozyme comprises only 18 per cent of the totel tear 
proteins. It appears to be selectively absorbed and denatured on 
the surfaces of soft hydrophilic lenses. 

Lysozyme absorption studies were carried out by Incubating the lens 
in 5ml of lysozyme solution for approximately twenty-four hours. 
0.05Z w/v lysozyme was dissolved In PBS. After twenty-four hours 
the lysozyme solution was measured spectrophotometrically at 
281.6nm. Control solutions conteined untreated contact lenses. 



15 
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The resulte showed that there was a 90Z reduction In lysozyme 
absorption when compared against the untreated lenses. 





wo 93/00391 



PCr/GB92/00901 



-12- 



Example 2 

Coating a substrate with PVA-PEO graft copolymer - Formula (1), 



As In Example 1« the PEO was activated with CDI (mole ratio 1:1) In 
5 acetone and reacted with PVA In 40mN potassium bicarbonate buffer 
(pH 8.5) for twenty-four hours. The solution was next dialysed for 
twenty-four hours, then the resultant PVA-PEO graft copolymer was 
freeze dried. 

to The copolymer was dissolved in anhydrous acetone. CDI (3.3g) was 
dissolved In acetone and added dropwise over a period of one hour. 
The solution was further stirred for one hour before the acetone 
was distilled off under reduced pressure. 

15 As in Exaiif)le 1« three high water content polyHEMA contact lenses 
were treated with ISOmg of the COI-actlvated PVA-PEO graft 
copolymer. The graft copolymer was linked to surface OH groups via 
a carbonate linkage and to surface COOH groups via an ester 
linkage. 

20 

Lysozyme absorption studies showed that after treatment there was a 
90Z reduction In lysozyme absorption relative to the control 
untreated lens. 

25 

Example 3 

PVO-PEO graft copolymers were syntheslsed as In Example 2. The 
graft copolymer was linked to the lens surface using a water 
30 soluble carbodllralde (l-(3-d1raethylara1nopropyl)-3-ethylcarbod11ra1de 
hydrochloride) (EOC). 



X Is OH and Y -OCH 



PEO molecular weight ranged from 300 to 5000. 



Three high water content polyHEMA contact lenses were each placed 
In 5ml distilled water (pH 6) containing 20mg EDC and Incubated at 
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room temperature for. six hours. To this solution ISOrag of PVA-fEO 
graft copolyner was added and the temperature of the solution vas 
gradually raised to 80*C over a period of one hour and maintained 
at 80*C for two hours. The graft copolymer was linked to the lens 
5 surface COOH groups via an ester linkage. 

Lysozyme absorption studies showed that after treatment there was a 
90Z reduction In lysozyme absorption relative to the control. 

?0 

Exarole 4 

Coating a substrate with PVA-PEO graft copolymer - Formula (1), X 
being OH and Y epoxide. Molecular weight 1000. 

15 

3g PVA (25000 M.Wt) was dissolved In distilled water (lOOml) with 
boiling. Hhen the solution had cooled, 20g PEO and 2ml NaOH (IN) 
were added. The solution was left stirring for twenty-four hours 
at room temperature. The solution was neutralised with IM HCl and 
20 then dialysed for twenty-four hours and freeze dried. 

The resultant graft copolymer of PVA-PEO was either dissolved In 
100ml anhydrous acetone or anhydrous DHSO to which was added 3.3g 
CDI dissolved In either acetone or DNSO over a period of one hour. 
25 The solution was left stirring for another hour and then the 
solvent was removed under reduced pressure. 

As In Exan?)le 1, three high water content polyHEHA contact lenses 
were treated with ISOng of the CDI-actlvated PVA-PEO graft 
30 copolymer. The graft copolymer was linked to surface OH groups via 
a carbonate bond and to surface COOH groups via an ester linkage. 

Lysozyme absorption studies showed that after treatment there was a 
90Z reduction In lysozyme absorption relative to the control 
35 untreated lens. 
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Example 5 

3g PVA (25000 H.Wt) was dissolved In 100ml distilled water after 
boiling. 2ml of NaOH (IM) was added to the cooled solution. 
5 Ethylene oxide was cooled to below O" C and poured Into the vessel, 
and the vessel temperature was maintained at approximately 2** C. 
The reaction was stopped when PVA could be dissolved In acetone. 

The solution was neutralised, dialysed for twenty-four hours and 
10 freeze dried. PVA-PEO graft copolymer was dissolved in acetone and 
activated with CDI (3.3g). 

Soft high water content polyHEMA lenses (as in Example 1) were 
Incubated with 150mg of the polymer. The graft copolymer was 
'5 covalently bonded to the lens surface. The graft copolymer formed 
a carbonate bond with surface OH groups and an ester linkage with 
surface COOH. 

Protein absorption studies showed a 95% reduction 1n lysozyme 
20 absorption relative to untreated contact lenses. 

Example 6 

25 Polydimethylsiloxanes grafted with PEO (Formula (1), Y being OH) 
also showed greater than 902 reduction in lysozyme absorption when 
the polymers were covalently bonded to the lens surface of high 
water content polyHEMA contact lenses using CDI. 

3° PEO molecular weights ranged from 350-2500 and the overall graft 
copolymer molecular weight of polydimethylsiloxanes and PEO ranged 
from 4000-30,000. All or half PEO hydroxyl groups were activated 
on the polymers with CDI in acetone, before linking to the lens 
surface took place in potassium bicartonate buffer. The PEO 
hydroxyl groups which were activated with CDI reacted with the lens 
surface hydroxyl groups to form a carbonate bond and also formed 
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ester linkages with surface COOH groups. 
Exaaple 7 

5 

Polydlmethylsiloxanes grafted with PEG (Formula (1), Y being OH) 
and glycidyl aery late, the molecular weight of the graft copolymers 
being In the range 5000-10000* were Incubated with soft high water 
content polyHEMA lenses (as In Example 1) In the presence of a 
Lewis acid. The cocktail contained one contact lens In 5ml 
distilled water with 250mg graft copolymer and 0.5ml Lewis add* 
The solution was left at room teiq>erature for twenty-four hours. 
The graft copolymer was covalently bound to the lens surface via 
the epoxide group on the glycidyl acrylate. The epoxide formed an 
^5 ether linkage with surface OH groups and an ester linkage with 
surface COOH groups. 

The lenses were washed and assayed for protein absorption. There 
was an 85Z reduction In protein absorption relative to the 
or. untreated lens. 

Example 8 

25 Hydroxyethyl cellulose was reacted with ethylene oxide (as In 
Exa!r^)le 3). The reaction of ethylene oxide with hydroxyethyl- 
cellulose was stopped whbvi the polymer completely dissolved In 
acetone. The polymer was activated with CDI In acetone and the 
acetone was removed under reduced pressure. 200mg of the CDI 

30 activated PEO-cellulose was Incubated with high water content 

polyHEMA contact lenses (as In Example 1) and oxygen permeable hard 
contact lenses (polyslloxanyl methacrylate copolymerlsed with 
methacryllc acid) for twenty^four hours. The coating polymer 
formed a hydrophlllc coating chemically bonded to the lens surface. 

35 In the polyHEMA lens, the ch^lcal bond was a carbonate bond with 
lens surface OH groups and an ester linkage with surface COOH for 
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both polyHEHA and the oxygen permeable hard lenses. 

The lenses were tested for lysozyme absorption. Greater than 90Z 
reduction 1n lysozyme absorption was observed for both types of 
5 lenses. 

Example 9 

10 High water content polyHEMA and oxygen permeable hard contact 
lenses (polysiloxanyl nethacrylate copolymerlsed with methacryllc 
acid) were placed In vials. To each of these vials Sal distilled 
water was added and 250mg ethylene carbonate. Potassium carbonate 
(SOmg) was added and the solution warmed to ca. 60^*6 for two hours. 

15 Ethylene carbonate reacted with the lens surface to form 
polyethylene oxide polymer on both lens types. However* the 
Initial bond with the lens surface Is dependent on the functional 
group present. If OH Is present, the Initial bond Is an ether 
linkage, and If COOH Is present* then an Initial ester bond Is 

20 formed. ' 

The lenses were washed and tested for lysozyme absorption. Greater 
than 90Z reduction 1n protein absorption was observed for the 
treated lenses when compared to control untreated lenses. 



Example 10 

Coating a substrate with PEO polymer - Formula (1)« X Is OH and 
30 Y -0CH3, PEO polymers of molecular weights between 200 and 5000 
were used, Including molecular weights of 200, 350, 550, 750, 1000, 
2000 and 5000. 



25 



CDI was dissolved In anhydrous acetone. PEO was also dissolved In 
35 anhydrous acetone and placed In a dry dropping funnel. The PEO was 
added dropwise to the CDI over a period of one hour. The solution 



wo 93/00391 



PCr/GB92/00901 



-17- 

was left to stir for a further one hour, after which the acetone 
was evaporated off under reduced pressure. Hole ratio 1:1 was used 
to obtain COI-actlvated PEO polymer. 

5 As In Exanple 1, three high water content polyHENA contact lenses 
were treated with 200fflg of the CDI-actlvated PEO polymer. The 
polymer was linked to surface OH groups via a carbonate linkage and 
to surface COOH groups via an ester linkage. 

10 Lysozyme and albumin absorption studies showed that after treatment 
there was 90Z reduction In lysozyme and albumin absorption relative 
to the control untreated lens. 

15 Example 11 

Coating a substrate with PEO polymers - Formula (1), X Is OH and 
Y is (a) OH and (b) -OCH3. PEO polymers with molecular weights of 
between 200 and 20000 were used. Including 200, 550, 750, 1000, 
20 2000. 5000, 10000 and 20000. 

As In Example 3, three high water content contact lenses were each 
placed In 5ml distilled water (pH 6) containing 20mg EDC and 
Incubated at room temperature for six hours. To this solution 
25 400rog PEO polymer^ was added and the temperature of the solution was 
gradually raised to SCC over a period of one hour and maintained 
at 80*C for two hours. 

The polymer was linked to the lens surface COOH groups via an e er 
30 linkage. 

Lysozyme and albumin studies showed that after treatment there was 
a 90Z reduction In lysozyme and albumin absorption relative to the 
control. 
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Example 12 

Coating a substrate with PEO polymer - Formula (1), X 1s -OCH2-CNH2 

CH3 

5 

and Y -OCH3. Molecular weights of the PEO polymer varied from 200 
to 10000. 

As In Example 10« the PEO polymer was activated with CDI and 
10 reacted with three high water content polyHDIA contact lenses and 
three oxygen permeable hard contact lenses (as in Exaiq)le 8). In 
the polyHEMA lens, the chemical bond was a urethane linkage with 
lens surface OH groups and an amide linkage with surface COOH for 
both polyHEM/V and the oxygen permeable hard lens. 

15 

The lenses were tested for both lysozyme and albumin absorption. 
Greater than 90% reduction in lysozyme and albumin was observed for 
both types of lenses. 

20 

Example 13 

Coating a substrate with PEO polymer - Formula (1), X is -OCH2-CNH2 

CH3 

25 and Y -OCH3. Molecular weights of the PEO polymer varied from 200 
to 10000. 

As in Example 3, EDC was used to couple the PEO polymer to the lens 
COOH groups, but instead of forming an ester linkage (as in 
30 Example 3) an amide bond was formed. 



Lysozyme and albumin studies showed that after treatment there was 
a 90% reduction in lysozyme and albumin relative to the control. 
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Example 14 




Molecular weights of the PEO polymer varied from 200 to 20000. 

10 The above polymer Is formed by reacting a PEO polymer (Formula 1) 
where X Is OH and Y is OH or -OCH3 with urea. PEO polymer and urea 
are refluxed for six hours In an organic solvent (dioxane or 
toluene). 

15 The organic solvent Is removed under reduced pressure. The 

resultant PEO polymer Is then linked to the surface of the contact 
lens either by using COI (as In Exaiople 10) or by using EDC (as In 
Exastple 3). With CDI the chemical bond formed with lens surface OH 
groups was a carbamate ester and an acyl carbamate with lens COOH 

20 groups. Similarly, with EDC the bond formed Is also a carbamate 
ester with lens COOH groups. 

Lysozyme studies showed that after treatment there was a 90Z 
reduction In lysozyme absorption relative to the control untreated 
25 lens. 



Example 15 

30 Coating a substrate with PEO polymers. 

(1) Formula (1), X Is raethacrylate and Y Is OH. Molecular weight 
of PEO polymer can vary between 200 and 2000. 

35 The above PEO polymer was horao-polymerlsed in water. 90 wtZ 

distilled water was de-gassed and purged with nitrogen for half an 
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hour and then heated to 80'*C. PEO polymer (10 wtZ) containing 
230mg potassium persulphate (dissolved In 2m1 distilled water) was 
added slowly to the heated water (under nitrogen) over a period of 
fifteen minutes. The reaction was allowed to continue for one 
5 hour. The polymer was then dialysed for twenty-four hours and 
freeze dried. 

(11) Formula (1), X is methacrylate and Y Is -OCH3, Molecular 
weight of PEO polymer can vary between 200 and 5000. 

10 

Co-polymerlsatlon of PEO polymers In (1) and (11) was carried out 
with different mole ratios and different molecular weights. 
Examples of copolymers of (1) and (11) are given In Table 1, 



15 

Table 1 







Mole Z 


20 


(1) Molecular weight 


10, 20, 30, 40, 50, '60, 70, 80, 90, 100 




350, 550, 750, 






1000 






(11) Molecular weight 


90, 80, 70, 60, 50, 40, 30, 20, 10, 0 


25 


350, 550, 750, 






1000. 2000 





The polymers In Table 1 were then linked to the surface of polyHEHA 
high water content contact lenses either by using GDI (as In 
Example 10) or by using EDC (as In Example 3). With GDI the 
chemical bond was a carbonate with lens surface OH groups and an 
ester with surface GOOH groups. With EDG the chemical bond was an 
ester with surface GOOH groups. 
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Example 16 

Coating a substrate with PEO polymers - Fonmila (1) where X Is 
■ethacrylate and Y is -0-^H2 
5 0 
The above PEO polymer was syntheslsed as described below. A nole 
ratio of 1:1 of urea and PEO polymer - Formula (1), X is 
■ethacrylate and Y Is OH (molecular weight 350) was refluxed for 
six hours In anhydrous dioxane or toluene. The solvent was then 
10 removed under reduced pressure. Similarly, other molecular weights 
of Formula (1), where X Is raethacrylate and Y is OH were reacted 
with urea (eg molecular weights 550, 750 and 1000). 

The above PEO polymers were then either homo-polymerised or 
15 copolymerlsed with : 



(a) Formula (1), where X Is methacrylate and Y Is OH, molecular 
weights 350, 550 and 750. 

(b) Formula (1), where X Is methacrylate and Y Is -OCH3, 
molecular weights 350, 550, 750, 1000 and 2000. 

(c) A mixture of PEO polymers In (a) and (b). 

The polymers were then linked to the surface of polyHEMA high water 
content contact lenses either by using CDI (as In Example 10) or by 
using EOC (as In Exan^le 3). With CDI the chemical bond was a 
carbamate ester with lens surface OH groups and an acyl carbamate 
with surface COOH groups. With EDC the chemical bond was also an 
acyl carbamate with surface COOH groups. 

lorsozyme and albumin studies showed that after treatment there was 
a 90Z reduction In lysozyme and albumin absorption relative to the 
control untreated lens. 
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Example 17 

Acrylaraide and methacryl amide were (separately) copolymerlsed (as 
In Example 15) with: 

5 

(a) Formula (!)• where X Is methacryl ate and Y Is OH, molecular 
weights 350, 550 and 750. 

(b) Formula (1), where X Is raethacrylate and Y Is -OCH3, 
10 molecular weights 350, 550, 750, 1000 and 2000. 

(c) A mixture of (a) and (b). 

The mole Z of acryl amide varied between 10 and 90 molZ In the above 
15 polymerisation mixtures. 

The polymers were linked to the surface of polyHEMA high water 
content contact lenses either by using COI (as in Example 10) or by 
using EDC (as In Example 3). With GDI the chemical bond was a 

20 carbonate bond between polymer OH groups and lens surface OH groups 
or a carbamate ester with acrylaraide or methacryl amide. An ester 
bond was formed between polymer OH groups and lens surface COOH 
groups or an acyl carbamate with acrylaraide or methacryl amide. 
With EDC the chemical bond was either an ester between polymer OH 

25 groups and lens surface COOH groups or an acyl carbamate with 
acrylaraide or methacryl amide with lens surface COOH groups. 

Lysozyme and albumin studies showed that after treatment there was 
a 95Z reduction In lysozyme and albumin absorption relative to the 
30 control untreated lens. 

Example 18 

35 Vinylene carbonate (molZ 20, 40 and 60) was copolymerlsed (as in 
Example 15) with PEO polymer Formula (1), where X is methacrylate 
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and Y Is -OCH39 molecular weight 350. Similarly vinylene carbonate 
(nolZ 20, 40 and 60) was copolyBerised with other molecular weight 
PEO polymers of the above structure (eg 550, 750, 1000 and 2000). 

5 Vinylene carbonate (mo1Z 20, 40 and 60) was also copolymerlsed with 
PEO polymer Formula (1), where X Is methacrylate and Y Is OH, 
molecular weight 350. 

The above polymers were dialysed for twenty-four hours and freeze 
10 dried. 

Polymerisation reactions of the above copolymers were also carried 
out In organic solvents such as toluene and Isopropanol under 
nitrogen using VAZO 67 (du Pont) (2,2-azob1s(2-aethylbutane- 
15 nitrlle)) as catalyst. The mixtures were allowed to reflux for 
twenty-four hours, after which the solvent was removed under 
reduced pressure. 

Three high water content polyHEMA contact lenses were placed in 
20 potassium carbonate (pH 9.0) and 300mg of one of the above polymers 
was added. 

The polymers were linked to the lens surface OH groups via an ether 
linkage and to the lens COOH groups via an ester linkage. 

25 

Lysozyme and albumin studies showed that after treatment there was 
an 85Z reduction 1n lysozyme and albumin absorption relative to the 
control untreated lens. 



Example 19 

Glycldyl methacrylate (molZ 20, 40 and 60) was copolymerlsed (as in 
Example 15) with PEO polymer Formula (1), where X Is methacrylate 
35 and Y Is -OCH3, molecular weight 350. Similarly glycldyl 
methacrylate (molZ 20, 40 and 60) was copolymerlsed with other 
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molecular weight PEO polymers of the above structure (eg molecular 
weights 550, 750, 1000 and 2000). 

6lyc1dy1 methacrylate (molZ 20, 40 and 60} was also copolymerlsed 
5 with PEO polymer Formula (1), where X Is methacrylate and Y is OH 
molecular weights 350 and 550. 

In addition, 40 molZ glycldyl methacrylate was copolymerlsed with 
30 molZ PEO polymer - Formula (1), where X Is methacrylate and Y Is 
10 -OCH3 (molecular weight 2000) and 30 molZ PEO polymer - Fonnila 
(1), where X Is methacrylate and Y Is OH (molecular weight 350). 

The above polymers were dialysed for twenty-four hours and freeze 
dried. 

15 Polymerisation reactions of the above copolymers were also carried 
out In organic solvents such as toluene under nitrogen using VAZO 
67 (du Pont) as catalyst. The mixtures were allowed to reflux for 
twenty^four hours, after which the solvent was r^noved under 
reduced pressure. 

20 

Three high water content polyHEHA contact lenses were placed In 
distilled water (pH 10) and 300rag of one of the above polymers was 
added. The polymers were linked to the lens surface OH groups via 
an ether linkage and to the lens COOH groups via an ester linkage. 

25 

Lysozyme studies showed that after treatment there was an 85Z 
reduction In lysozyme absorption relative to the control untreated 
lens. 

30 

Example 20 

N-vlnyl pyrrol Idone (molZ 20, 40 and 60) was copolymerlsed (as In 
Example 15) with PEO polymer - Formula (1), where X Is methacrylate 
35 and Y Is -OCH3, molecular weight 350. Similarly N-vlnyl 

pyrrol Idone (molZ 20, 40 and 60) was copolymerlsed with other 
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fflolecular weight PEO polymers of the above structure (eg nolecular 
weights 550 and 750). 

The above polymers were dialysed for twenty-four hours and freeze 
5 dried. 

The polymers were then linked to the surface of polyHENA high water 
content contact lenses either by using COI (as In Exarq>1e 10) or by 
using EDC (as In Example 3). With CDI the chemical bond was a 
10 carbonate with lens surface OH groups and an ester with surface 
COOH groups. With EDC the chemical bond was an ester with surface 
COOH groups. 

Lysozyme studies showed that after treatment there was an 80Z 
15 reduction in lysozyme absorption relative to the control untreated 
lens. 



Example 21 ' 

20 

Hydroxyethylmethacrylate (HEMA) (molZ 20, 40 and 60) was 
copolymerlsed (as In Example 15) with PEO polymer - Formula (1), 
where X Is methacrylate and Y Is -OCH3, molecular weight 350. 
Similarly, HEMA (nolZ 20, 40, and 60) was copolymerlsed with other 
25 molecular weight PEO polymers of the above structure (eg molecular 
weights 550, 750, 1000 and 2000). 

The above polymers ' ere dialysed for twenty-four hours and freeze 
dried. 

30 

The polymers were then linked to the surface of polyHEMA high water 
content contact lenses either by using CDI (as In Exaiq>le 10) or by 
using EDC (as In Example 3). With COI the chenlcal bond was a 
carbonate with lens surface OH groups and an ester with surface 
35 COOH groups. With EDC the chemical bond was an ester with surface 
coot;! groups. 
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Lysozyme studies showed that after treatment there was an 85Z 
reduction In lysozyme absorption relative to the control untreated 
lens. 

5 

Example 22 

2-!nethacryloyloxyethyHr1raethylanraon1uo chloride (raolZ 10, 20 and 
30) was copolymerised (as In Example 15) with PEG polymer - Formula 
^° (1), where X is raethacrylate and Y is OH (molecular weight 350). 
Similarly the above cationic monomer was copolymerised with other 
molecular weight PEO polymers of the above structure (eg molecular 
weights 550 and 750). 

The cationic monomer was also copolymerised with 40bo1Z PEO polymer 
- Formula (1). where X is methacrylate and Y is OH (molecular 
weight 350) and 30molZ PEO polymer - Formula (1), where X is 
methacrylate and Y is -OCH3 (molecular weight 2000). 

20 The above copolymers were dialysed for twenty-four hours and freeze 
dried. 

The polymers were then linked to the surface of polyHEMA high water 
content contact lenses by using EDC (as In Example 3). The 
2^ chemical bond was an ester with surface COOH groups. 

Lysozyme studies showed that after treatment there was an 85Z 
reduction in lysozyme absorption relative to the control untreated 
lens. 
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Example 23 

Catlonic PVA (molecular weight 25000) (200mg) was linked to the 
surface of a polyHEMA high water content contact lens by using EDC 
5 (as In Example 3), The chemical bond was an ester with surface 
COOH groups. 

Lysozyme studies showed that after treatment there was an 80Z 
reduction In lysozyme absorption relative to the control untreated 
10 lens. 



Exarole 24 

15 Catlonic cellulose (molecular weight 50000) was linked to the 
surface of a polyHEMA contact lens In an Identical fashion to that 
In Example 23« and similar reductions In lysozyme absorption were 
observed relative to the untreated control. 
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CLAIMS 



1. A method of coating a polymeric substrate having functional 
groups in the substrate polymer chain at surface portions thereof 
%rfiich comprises reacting said functional groups with complementary 
functional groups on a hydrophilic coating polymer in a 
predominantly aqueous medium to form covalent linkages between the 
coating polymer and the substrate polymer. 

2. A method according to claim 1 wherein the substrate polymer 
is a hydrogel. 

3. A method according to claim 1 or claim 2 wherein the coating 
formed on the substrate polymer is a hydrogel. 

4. A method according to any one of the preceding claims wherein 
the coating is continuous. 

5. A method according to any one of the preceding claims wherein 
the substrate material is selected from crossl inked 
hydroxyethylmethacrylate (HEMA), crossl inked HEMA and methacryllc 
acid, crosslinked HEMA and N-vlnylpyrrolidone, cellulose acetate 
butyrate polymers (retaining free hydroxyl groups), polyvinyl 
alcohal (retaining free hydroxyl groups), polyfluoroacrylate, 
polysiloxanyl acrylate and methacrylate polymers carrying an Ionic 
charge or retaining free hydroxyl groups. 

6. A method according to any one of the preceding claims wherein 
the covalent bonding between the respective functional groups on 
the substrate polymer and the coating polymer Is selected from 
carbonate bonding with hydroxyl functional groups on the substrate, 
ester bonding with carboxyl groups, urethane bonding with amino 
groups, sulphonic ester bonding with sulphonic acid groups, ether 
and ester linkages with epoxide groups, urea with hydroxyl groups 



wo 93/00391 



PCr/GB92/00901 




-29- 



to form carbamate ester and urea with substrate surface carboxyl 
groups to form acyl carbamate, and amide bonding between an amine 
and substrate carboxyl groups. 

7. A method according to any one of the preceding claims wherein 
the covalent bonding between the respective functional groups on 
the substrate polymer and the coating polymer Is selected from 
amide* urea* a11q)hanate, biuret* acyl urea and carbodllmlde 
linkages. 

8. A method according to any one of the preceding claims wherein 
the covalently bound coating polymer Is a hydrophlllc polymer 
selected from homopol^ers* copolymers and graft copolymers of 
polyvinyl alcohol (PVA), homopolymers of polyethylene oxide (PEO) 
and polypropylene oxide (PPO), copolymers of polyethylene oxide and 
polypropylene oxide* graft copolymers of slloxanes, and 
homopolymers* copolymers and graft copolymers of cellulose* chltin 
and chltosan. 

9. A method according to claim 8 wherein the coating polymer 
comprises a graft copolymer of PVA with PEO or PPO or a mixture of 
the two covalently bonded to the substrate. 

10. A method according to claim 9 wherein the graft copolymer of 
PVA and PEO, or of PVA and PPO, Is achieved by reacting PVA with 
ethylene oxide or ethylene carbonate, or propylene oxide or 
propylene carbonate, respectively* or with a mixture thereof* to 
obtain PVA graft copolymer containing PEO and/or PPO. 

11. A method according to any one of claims 8 to 10 wherein ^he 
PEO and PPO have tne structures shown in Formulae (1) and (2) 
below: 



(1 ) X-(CH2-CH2-0)nCH2-CH2-Y 

(2) X-(CH2-CH-0)„CH2-CH-Y 




(PEO) 
(PPO) 
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where both X and Y are -OH, -0-CH2-CH(NH2)-CH3. -0-C0-(CH2)„-NH2 
(where n Is from 0 to 6), -COOH, epoxide. HgC^CH-CO-O- (acrylate), 
H2C"C(CH3)-C(M)- (methacryUte). -OCH3, -OC2H5, propoxy, butoxy or 
allyloxy, and the respective terminal X and Y groups can be 
Interchanged In Formula (Z). 

12. A method according to claim 11 wherein the molecular weights 
of (1) and (2) are from less than 100 up to 20,000. 

13. A method according to claim 8 wherein the coating polymer Is 
a graft copolymer of a polydlmethylslloxane with (1) or (2) or 
both, wherein X Is acrylate or raethacrylate and Y Is OH, epoxide, 
-0-CH2-CH(NH2)-CH3. or -0-C0-(CH2)n-NH2 (where n Is from 0 to 6). 

14. A method according to claim 8 wherein the coating polymer Is 
a graft copolymer of a polydlmethylslloxane with a glycldyl 
acrylate (GA), a glycldyl methacylate (6M), an epoxypropyl acrylate 
(EPA), or an epoxypropyl methacrylate (EPM), 

15. A method according to claim 8 wherein the coating polymer 
comprises a homopolymer of PEO or PPO of Formula (1) or (2) 
respectively. 

16. A method according to claim 15 wherein the coating polymer 
comprises a homopolymer of PEO or PPO of Formula (1) or (2) 
respectively wherein X is either acrylate or methacrylate and Y Is 
OH, COOH, epoxide, OCH3, 0C2"5» Pi^o^y, butoxy, allyloxy, 
-0-^2~*^(''"z^'"^3' -0-C0-(CH2)„-NH2 (where n Is from 0 to 6). 

17. A method according to claim 8 wherein the coating polymer 
comprises a copolymer of PEO and PPO of Formula (1) and (2) 
respectively wherein X is either methacrylate or acrylate and Y for 
(1) and (2) can be the same or different groups. 



18. A method according to claim 17 wherein X Is either 
methacrylate or acryUte and Y is any of OH, COOH, epoxide, 0CH3t 
OC2H5, propoxy, butoxy, allyloxy, -0-CH2-CH(NH2)-CH3, and 
-(M»-(CH2)„-NH2 (where n Is from 0 to 6), with an unsaturated 
monomer selected from vinylene carbonate, hydroxyethylmethacfylate, 
hydroxypropyl methacrylate, hydroxyethyl acrylate, 
hydroxypropylacrylate, N-vlnyl pyrrol idone, acrylamlde, 
hydroxybutylacrylate, hydroxybutylmethacrylate, butylacrylaralde, 

di hydroxypropyl acrylate, dihydroxypropylmethacrylate, 
epoxypropyl acrylate, epoxypropyl methacrylate, glycidyl acrylate, 
glycldyl methacrylate, and hydrox^ropylmethacryl amide. 

19. A method according to claim 8 wherein the coating polymer Is 
selected from catlonic PVA and synthetic cationlc copolymers of 
polyethylene oxide and polypropylene oxide. 

20. A method according to claim 19 wherein the coating polymer is 
a copolymer of a polydlmethylslloxane or of PEO or PPG of Formula 
(1) or (2), wherein X is acrylate or methacrylate and Y is OH, 
epoxide, -0-CH2^H(NH2)-CH3, or -0-C0-(CH2)„-NH2 (where n is from 0 
to 6), with PEO or PPO of Formula (1) or (2) where X is acrylate or 
methacrylate and Y Is -OCH2M(CH2)2f -0CH2N^(CH3)3.Cr, 
-0CH2N+(C2H5)3.C1-, -0CH2CH2M(CH2)2. -OCH2CH2N*(CH3)3.Cr, 

-0CH2CH2N+(C2"5)3-C1''* -0CH2CH2CH2N(CH2)2, -^CH2CH2CH2N+(CH3)3.Cr, 
-0CH2CH2CH2M*(C2H5)3.Cr, -0CH(0H)CH2CH2M*(CH3)3.Cr or 
-0CH2CH(0H)CH2M*(CH3)3.Cr 

21. A me1:hod according to claim 19 wherain the coating polymer Is 
a copolymer of a polydlmethylslloxane or of PEO or PPO of Formula 
(1) or (2)^ wherein X is acrylate or methacrylate and Y is OH, 
epoxide, -0^:H2-CH(NH2H:H3, or -O-C0-(CH2)n-NH2 (where n is from 0 
to 6), with another catlonic polymeri sable monomer selected frmn 
dimethyl ami noethyl acrylate and methacrylate, 2--methacryloyl- 
oxyethyltrimethyl ammonium chloride, 3-methacrylam1dopropyl 
dimethyl amine, 3Hnethacry1am1dopropyl trimethylairanonluin chloride, 
l-v1nyl and 2-methyl 1-vinyl imidazole, 3-acT7lam1do-3--methyl butyl- 
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dimethyl amine, 3-acrylam1d<>-3-«ethyl butyl tri methyl ammonium 
chloride, N-(3-fflethacryloyloxy-2-hydroxypropyl) trlmethylamnonlum 
chloride, dlallyldlraethylaamonlum chloride and methylsulphate, and 
vinyl benzyl tri methyl ammonium chloride. 

22. A substrate polymer coated by a method according to any one 
of the preceding claims. 

23. Polyethylene oxide (PEO) and polypropylene oxide (PPO) having 
a structure as shown In Formula (1) or (2) below: 

(1) X-(CH2-CH2-0)„CH2-CH2"^ ^^^^^ 

(2) X-(CH2-CH-0)nCH2-p-Y (PPO) 

CH3 CH3 

where one of X and Y Is -0-CO-(CH2)n-HH2 (where n Is from 0 to 6), 
and the other Is -OH, -0-CH2^(NH2)-CH3, -0-CO-(CH2)n-NH2 (where n 
Is from 0 to 6), -COOH, epoxide, H2OCH-CO-O- (acrylate), 
H2C-C(CH3)-C(M)- (methacrylate), -OCH3, -OC2"5' P^PO^y« butoxy or 
allyloxy. 

24. Polydlmethylslloxane graft copolymers having the following 
general formula: 

(CH3)3SlO-r((CH3)2SlO)^-(CH3SlO)y^^ 
L PE0/PP0/6A/GM/EPA/EPhJ n 

where PEO/PPO/GA/GM/EPA/EPH represents polyethylene oxide, 
polypropylene oxide, glycldyl acrylate, glycldyl methacylate, 
epoxypropyl acrylate, or epoxypropyl methacrylate copolymer 
moieties, and the coefficients x, y and n are such as to give a 
molecular weight in the broad range of 3000 to 100,000. 

25. Graft copolymers of chltin and chltosan with PEO and PPO. 
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26. A method of Increasing the resistance of soft and oxygen 
permeable hard contact lenses to tear protein deposition comprising 
directly polymerising ethylene oxide or ethylene carbonate, or 
propylene oxide or propylene carbonate, or a mixture thereof, on to 
the contact lens, or by grafting PEO and/or PPO directly on to the 
lens surface. 

27. A method of rendering a contact lens that has functional 
groups more compatible with the eye, comprising covalently bonding 
a polymer coating to the surface of the lens as a substrate, 
whereby to enhance the hydrophlllc character of the lens for a 
longer time relative to an untreated surface, and to reduce the 
tendency of tear proteins to adhere to the lens surface, 

28. A method according to claim 27 wherein the functional groups 
are hydroxyl, carboxyl, amide, amino or sulphonate groups. 

29. A method according to claim 27 or claim 28 wherein the 
coating polymer forms a covalently bound Kydrogel at the lens 
surface. 

30. A contact lens coated by a method according to any one of 
claims 26 to 29, 

31. A contact lens having a coating suitable for use in the human 
eye, wherein the coating comprises a polymer that is covalently 
bonded to the surface of the lens polymer to form a thin protective 
layer or coating covalently linked to the lens surface. 

32. A contact lens according to claim 31 which comprises a 
polymer containing hydroxyl, carboxyl, amide, amino or sulphonic 
acid functional groups on to which the polymer coating Is 
chemically bonded. 
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